In this article were developed one-dimensional steady state heat transfer equations in cylindrical and spherical coordinates, neglecting or not the viscous dissipation. We used second order approximations for the development of a computational code. Some applications were made and errors were analyzed.
Introduction
Heat transfer problems are present in several applications in industry and environment. As an engineering practice, grew out of thermodynamics at around the turn of the 20th century. This arose because of the need to deal with the design of heat transfer equipment required by emerging and growing industries. Early applications included steam generators for locomotives and ships, and condensers for power generation plants. Later, the rapidly developing petroleum and petrochemical industries began to require rugged, large-scale heat exchangers for a variety of processes [3] . Starting in the late 1950s, at least three unrelated developments rapidly changed the heat exchanger industry. The first was with respect to heat-exchanger design and sizing, the general availability of computers permitted the use of complex calculation procedures that were not possible before. The second was the development of nuclear energy introduced the need for precise design methods, especially in boiling heat transfer. Finally, the energy crisis of the 1970s severely increased the cost of energy, triggering a demand for more-efficient heat utilization [3] . As a result, heat-transfer technology suddenly became a prime recipient of large research funds, especially during the 1960s and 1980s [1] .
The main goal of the analysis of many transfer heat problems is to obtain the temperature profile within the system and transfer rate in certain conditions or, alternatively, the conditions needed, such as dimensions, shape, and flow measurement, among others, to achieve a heat rate or temperature distribution, or both. The simulation of heat transfer can be done computationally, the processes via numerical solution of the governing equations. This computer simulation is widely used in fundamental research and in industrial applications resulting in that, increasingly; new and better numerical methods are developed to improve their accuracy, efficiency, and range of applicability.
In this work one-dimensional steady state heat transfer equation in cylindrical and spherical coordinates were developed, neglecting or not the viscous dissipation, using second order approximations for the development of a computational code.
Numerical Formulation
The heat conduction equations in cylindrical and spherical coordinate systems are given by Eq. (1a-b)
where T, r and q & , represents the temperature, the radius and the heat transfer rate, respectively. and substituting in the previous equations, we have:
Considering the following approximations
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Numerical Applications
In the following applications were considered the general analytic solution for the cylindrical and spherical coordinate, respectively:
where A and B are constants.
Application 1:
In this case, were considered the following boundary conditions T(0.5)=0 and T(1)= C, where C is constant. From Eq. (3a-b) and using the boundary conditions, we obtain, respectively,
The Fig. (1a-b) show the radial temperature profile. A comparison of results obtained using the computational code with the analytical solution is shown in Table 1 . 
. The radial temperature profile is shown in next Fig. (2a-b) . A comparison of results obtained using the computational code with the analytical solution is shown in Table 2 . One-dimensional steady state heat transfer
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The errors obtained in this second application were relatively high. In order to reduce it, the mesh was refined and was taken a value for the constant C = 1 by increasing the number of nodes in the initial condition. Application 3: In this application, using the Eq. (3a-b) and the following boundary conditions 1 )
, where C is constant, we obtain, respectively )
. The radial temperature profile is shown in next Fig. (3a-b) . A comparison of results obtained using the computational code with the analytical solution is shown in Table 4 . The errors obtained in this second application were relatively high. In order to reduce it, the mesh was refined and was taken a value for the constant C = 1 by increasing the number of nodes in the initial condition. A comparison of results obtained using the computational code with the analytical solution is shown in Table 6 . 
Conclusions
The Central Difference Method proved to be an excellent technique for solving problems of heat conduction in cylindrical and spherical geometries, except with heat generation in cylindrical coordinates. In future work, we will test this technique in two and three dimensional domains.
